Abstract
Expansion of erythroblasts from human peripheral blood mononuclear cells is [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Proliferation assays suggested that CD14 + cells sustain CD34 + cell survival but not proliferation.
These data identify previously unrecognized erythroid and non-erythroid CD34 -and CD34 + populations in blood that contribute to the erythroid yield. Using a flow cytometry panel containing CD34/CD36 allows to follow specific stages during CD34 + differentiation to erythroblasts.
Introduction
Hematopoiesis occurs in niches that ensure specific interactions and cross-talk of hematopoietic cells with the surrounding stromal cells and among different hematopoietic cells themselves.
These niches dictate processes such as lineage specification, cell survival and mobilization.
Hematopoietic stem and progenitor cells (HSPC) reside in perivascular niches and within the nonendosteal parenchyma [1] [2] [3] [4] . This hematopoietic niche consists of mesenchymal stem cells, osteoblasts, and hematopoietic effector cells, such as T regulatory cells and tissue resident macrophages. The niche is important for hematopoietic stem cell (HSC) homeostasis as well as hematopoietic lineage development including erythropoiesis 5 . In mice, tissue resident macrophages are important regulators of HSC retention within the bone marrow 6, 7 , and ablation of CD163/CD169-positive macrophages leads to mobilization of HSPC, committed progenitors 8 and erythrocyte precursors 8 . These myelodepleted mice experience compensated anemia with increased splenic erythroblasts. Increased erythrocyte survival in these mice is likely due to reduced phagocytosis of aging red cells by red pulp macrophages.
Central tissue resident macrophages also contribute to the erythroid islands in the bone marrow (the erythron) that regulate erythroblast differentiation, the final stages of enucleation, and reticulocyte maturation 9 10-12 . However, M-CSF deficient op/op mice and CSFR -/-mice, that display reduced F4/80 tissue resident macrophages, are characterized by hypocellularity of the bone marrow and reduced erythroid burst-forming units (BFU-E) 13 , which indicates a major effect of macrophages on HSPC. In addition, erythroblast proliferation in bone marrow was unchanged in myeloablated mice and the ratios between the different stages during erythroblast maturation were comparable 8 . Together, these observations suggest a major role for (tissue resident) macrophages in the control of proliferation and/or differentiation of HSPC, which needs to be investigated.
We have previously shown that erythroblast expansion from unsorted peripheral blood mononuclear cells (PBMC) is 4 to 15-fold increased compared to CD34 + cells purified from a similar number of PBMC 14 . This increased erythroid yield may partly be explained by the presence and differentiation of CD34 -cells in peripheral blood 14 . However, erythroid differentiation from CD34 -PBMC does not fully account for the increased erythroid yield from unselected PBMC. This suggests that additional processes are underlying the increased erythroid yield from total PBMC compared to CD34 + cells isolated from those PBMC. We hypothesize that PBMC with feeder/stromal cell like properties can positively influence HSPC proliferation, differentiation, and/or survival to yield more erythroblasts. A role for these effector cells during ex vivo cultures may also reveal clues to their function in the bone marrow niche.
In the current report we show that human PBMC-derived CD14 + cells, in particular 
Methods

Cell sorting
CD3, CD19, CD14 and CD34 MicroBeads (Miltenyi Biotec; Bergisch Gladbach, Germany) were used for magnetic-activated cell sorting (MACS) from PBMC (manufacturer protocol). Prior to sorting, monocytes/macrophages were purified from PBMC by counterflow centrifugal elutriation (JE-6B Beckman-coulter centrifuge, Beckman Instruments Inc.; Palo Alto, CA).
Monocyte/macrophage subsets and hematopoietic precursors were sorted on a FACS-Aria II/III (BD Biosciences; Oxford, UK).
Cell culture
Human cells were cultured in StemSpan (Stem Cell Technologies; Grenoble, France)
supplemented with stem cell factor (SCF; supernatant equivalent to 100ng/ml), erythropoietin (2U/ml, ProSpec; East Brunswick, NJ), dexamethasone (1μM, Sigma; St. Louis, MO) and cholesterol-rich lipids (40μg/ml, Sigma) as described 14, 15 . Informed consent was given in accordance with the Declaration of Helsinki and Dutch national and Sanquin internal ethic boards.
Conditioned media was collected from CD14 + cells cultured for two days at 5-10 million cells/8ml, filtered (0.22µm) and stored at 4°C. Isolated CD34 + cells were cultured with conditioned media diluted 1:2 with fresh culture medium. Media was replenished every two days.
Co-culture experiments
CD34
+ cells were co-cultured with purified hematopoietic effector cells using ratios as found in 
Colony assays
Colony assays were started with freshly purified, sorted, or cultured cells mixed with methacult (Medium ColonyGel™ Cell Systems; Troisdorf, Germany). After 14 days, total colony numbers and colony forming units were manually scored twice using a wide-field microscope (Axiovert 200M, Carl Zeiss Inc.; Thornwood, NY, USA). min, 100µl 1x Binding buffer was added with propidium iodide (50mg/ml; Sigma).
Proliferation assays
Cytospins
Cells (5×10
5
) were cytospun onto glass slides, fixed in methanol, and stained with May-Grünwald-Giemsa stains (manufacturer protocol). Images were processed using Adobe Photoshop 9.0 (Adobe Systems Inc.; CA, USA).
Statistical Analysis
Student's t test was used for statistical analysis (P ≤ 0.05 considered as significant). Figure 1A) that could be subdivided into 69% HSC/common myeloid progenitors (CMP), 29% granulocytemonocyte progenitors (GMP) and 1% megakaryocyte-erythroid progenitors (MEP; Figure 1B and Online Supplementary Figure S1 ). Figure 1E ). Populations A-E were seeded in colony assays. Populations A and B contained the majority of the colony formation, whereas populations C, D and E displayed low to no colony forming capability ( and erythroblasts but also for cells between these specific stages.
Results
Hematopoietic cell fractions in PBMC
Expansion of erythroblasts from sorted PBMC populations
Next, we investigated the contribution of each specific population in Figure 1C Figure 1C Table 1 )
. (D)
Giemsa/Grünwald stained cytospins of FACS-sorted populations as indicated in Figure 1C (iv).
(E) Representative CD34/CD36 dot plot as indicated in Figure 1C Table 1 . The data is shown as a fold change to the erythroblast yield of PBMC (N=5).
Abbreviations: PBMC, peripheral blood mononuclear cells. IL1β (1ng/ml), IL6 (10ng/ml) and N-PLATE (50ng/ml) for 4 days followed by 4 days with IL1β (1ng/ml) and N-PLATE (50ng/ml) only (i-ii) or erythropoiesis specific media containing StemSpan supplemented with erythropoietin (2U/ml), stem cell factor (100ng/ml) and dexamethasone (1µM) for 8 days (iii-iv 
